A pot experiment was conducted to investigate the potential effect of arbuscular mycorrhizal fungi (Glomus mosseae & Acaulospora laevis) and phosphate solubilizing bacteria (Pseudomonas fluorescens) with different levels of superphosphate on Chrysanthemum indicum L. After 100 days, different plant growth parameters such as mycorrhization's characteristics, phosphatase activity and phosphorus uptake were measured. The obtained results revealed that the inoculation of plants with biofertilizers and recommended dose of superphosphate significantly improved the growth parameters. Inoculation with A. laevis + P. fluorescens at medium concentration of superphosphate showed maximum height, fresh and dry root weight, AM root colonization, AM spore count, alkaline phosphatase activity, acidic phosphatase activity and the percent phosphorus uptake in shoot and root whereas root length was maximum in G. mosseae + A. laevis + P. fluorescens. Leaf area and fresh and dry shoot weight were maximum in the treatment (G. mosseae + A. laevis + P. fluorescens) at low concentration of superphosphate. The use of AMF increased nutrient acquisition from an organic fertilizer source by enhancing acidic phosphatase (ACP) and alkaline phosphatase (ALP) activity, thus facilitating P acquisition and improving plant growth.
Introduction
, increase chlorophyll content (Demir, 2004) , phosphorus content (Gaur et al., 2000) , increase resistance to cultural and environmental stresses, and consequently improves plant growth (Smith and Read, 1997) . Hyphae of AMF grow into the soil from roots and greatly improve access to immobile nutrients especially phosphorus. Phosphorus exists in soil as inorganic orthophosphate, as inert complexes with iron phosphate (FePO 4 ), aluminum phosphate (AlPO 4 ), and inorganic molecules such as phytate. Plant roots colonized with intra and extra-radical AMF hyphae can utilize sources of P in soil that are not readily available to non AMF roots. This is thought to involve an increase in the rate of solubilization of insoluble inorganic phosphorus (Pi) and/or hydrolysis of organic phosphorus (Po) (Smith and Read, 1997) . 
Materials and methods

Collection of soil sample
Composite soil sample from rhizospheric soil of C. indicum L. was collected for isolation of dominant AM fungi. It was done by digging out a small amount of soil close to the plant roots up to the depth of 15-30 cm. and kept in sterilized polythene bags at 10˚C for further processing.
Isolation and identification of AM spores
Isolation of dominant AM spores i.e., Glomus mosseae and Acaulospora laevis were done by using 'Wet Sieving and Decanting Technique' of Gerdemann and Nicolson (1963) . The quantification of dominant AM spores was done by 'Grid line intersect method' (Adholeya and Gaur, 1994) . These spores were picked up by hypodermic needle under stereobinocular microscope and identified with the help of identification manual of Walker (1983) and Scheneck and Perez (1990) , on the basis of conventional morphological characters i.e. colour, size, shape, wall structure, surface ornamentations of spores and size of subtending hyphae, bulbous suspensor, the number and arrangement of the spores in the sporocarps.
Mycorrhizal root colonization
Mycorrhizal root colonization was done by 'Rapid clearing and Staining method' of Philips and Hayman (1970) . The percent AM root colonization was calculated by using the formula:
Mass productio of AM spores
Dominant AM spores i.e. A. laevis (Gerd. and Trappe) and G. mosseae (Nicol. and Gerd.) isolated from rhizosphere of C. indicum, were mass produced using wheat as host plant and sand soil (1:3) as substrate.
Mass culture of Pseudomonas fluorescens
P. fluorescens was multiplied in nutrient broth medium for 24 hrs for proper growth of bacteria.
Different concentrations of Super Phosphate
Granules of super phosphate were grinded using pestle and mortar to make it a fine powder. Then, dif- 
Measurement of growth, root and shoot weight (fresh and dry)
After 100 days, plant height, leaf area was measured.
For root and shoot weight (fresh and dry), roots and shoots were harvested, weighed for their fresh weight and then, oven dried at 70˚C for dry weight.
Phosphorus estimation
Estimation of plant (shoot and root) phosphorus was done by 'Vanadomolybdo phosphoric yellow color method' (Jackson, 1973) with percent (%) as unit.
Phosphatase activity
Phosphatse activity was measured in plant roots and assayed by using p-nitrophenyl phosphate (PNPP)
as substrate which is hydrolyzed by the enzyme to p-nitrophenol. For this, ice cold sodium acetate buffer (0.05 M with pH 4.8) for acid phosphatase and sodium carbonate-bicarbonate buffer (0.05 M with pH 10) for alkaline phosphatase activity were used.
Phosphatase activity was measured in terms of IU g -1 FW.
All results were analyzed using Analysis of Variance (ANOVA), followed by post hoc test through computer software SPSS 11.5 version. Means were ranked at p ≤ 0.005 level of significance using Duncan's Multiple Range Test for comparison.
Results
Change in height
In the present investigation, it was found that mycorrhizal inoculation (G. mosseae and A. laevis) with superphosphate and P. fluorescens increased the height of the plant in comparison to the control. The most effective results were observed in medium concentra-tion of superphosphate where various bioinoculants were applied to the plant. It is evident from Table 1 that after 100 days of inoculation, plant height was maximum in the dual combination of A. laevis + P.
fluorescens (57.2±2.38 cm ) followed by G. mosseae 
Shoot and Root fresh & dry weight
As shown in Table 1 
Root Colonization and AM spore number
After 100 days of inoculation, percent mycorrhizal root colonization and AM spore number also increased in all treated plants over control (Table 1) 
Phosphorus content and phosphatase activity
The amount of phosphorus in shoot and roots significantly increased in inoculated plants as compared to control after 100 days of inoculation (Table 2 ).
In the medium concentration, phosphorus content in shoots was found to be maximum in the plants 
Discussion
The height increment registered could be as a result of enhanced inorganic nutrient absorption (Cooper, 1984) and greater rate of photosynthesis (Allen et al., 1981) . P. fluorescens was found to be common effective bioinoculant which increased the height of the plant in recommended dose of superphosphate.
The reason may be due to the balanced absorption AMF enhanced nutrient uptake by increasing surface area of roots with the development of an extensive extra-radical hyphae network (Smith and Read, 1997) .
The higher increment of leaf area registered with inoculated plant could be as a result of increased phosphorus uptake due to which biosynthesis processes are enhanced, determining a faster growth and development, which leads to a greater leaf area (Schmedit et al., 2010) . Similarly, Chaitra (2006) are also in accordance of Guillemin et al. (1995) who demonstrated that in P-sufficient soils mycorrhizal infection were reduced by phosphate fertilization, meanwhile in P-deficient soil fungal infection is not modified. The soil used was sterilized, even after that AM spore number and AM colonization were observed in uninoculated plants which implies that contamination might have occurred due to aerial mycorrhizal spores at some stage of the experiment in polyhouse (Stottlemer et al., 2008) . Other possible sources of contamination are seedling roots adhering the soil particles and growing mixture which ultimately becomes the reason for the presence of spore number and root colonization in uninoculated plants.
The acid phosphatase activity was much greater than alkaline phosphatase activity. Bhadraiah et al. (1999) also noted positive correlation between acid phosphatase activity and phosphorus uptake. The increased phosphorus uptake has been attributed to extended AM hyphae, which explore a larger volume of soil and P solubilization by AM root exudates. Effective P acquisition by the external hyphae is related to the formation of polyphosphates in the hyphae and the small hyphal diameter leading to a relatively larger volume delivering P per unit surface compared to the root surface area (Jungk and Classen, 1989; Jakobsen et al., 1992) . Acid phosphatase may be associated with the growth and development of the fungus within the host tissue (Gianinazzi et al., 1979) as well as with phosphorus acquisition in the rhizosphere. Alkaline phosphatase activity is also closely linked to both mycorrhizal stimulation and the arbuscular phase of the colonization and there is strong evidence that it is of fungal origin (Gianinazzi-Pearson and Gianinazzi, 1978) . Gianinazzi et al. (1979) revealed that alkaline phosphatase activity was localized in the vacuoles of mature arbuscules. It is believed that ACP was involved in the increased uptake of phosphorus from the soil, while ALP may be linked to active phosphate assimilation or transport in mycorrhizal roots. Results are also in accordance of Garcia-Gomez et al. (2002) who reported that soluble and extractable root acid phosphatase activity was higher in Glomus claroideum inoculated Carica papaya plants. A. laevis was found to be the better strain as compared to the G. mossese in enhancing most of the studied parameters alone and even in combination with P. fluorescence and thus demonstrated biological specificity between AM fungal strain and host plant species (Bever et al., 1996) .
Most growth parameters and P-uptake, significantly increased in the medium concentration was amended as compared to low and high concentration of superphosphate. As some amount of P fertilizer is required for the establishment and growth of the AM fungal strains and this fungus is also inhibited as the concentration of phosphoric fertilizer increases and even if it is present in low concentration. Thus mycorrhization was highest in the standard organic system in which the recommended dose of P fertilizer was added (Abbott et al., 1984) Phosphorus solubilizing microorganism (P. , 1997) . Mycorrhizal roots acquire P more efficiently than non-mycorrhizal roots, especially at low soil fertility levels. High P may be detrimental to mycorrhizal colonization and limit the phosphorus uptake (Hu et al., 2009) . fluorescens and AM fungi strains that helped to absorb more phosphorus from soil. On the basis of results it can be concluded that this practice can be exploited in field condition for commercial production of Chrysanthemun.
Conclusions
